Copper binding to rabbit liver metallothionein. Formation of a continuum of copper(I)-thiolate stoichiometric species.
Circular dichroism and ultraviolet absorption spectral data have been used to probe the binding mechanism for formation and the structure of the copper(I)-thiolate binding clusters in rabbit liver metallothionein during addition of Cu+ to aqueous solutions of Zn7-metallothionein 2 and Cd5Zn2-metallothionein 2. Mammalian metallothionein binds metals in two binding sites, namely the alpha and beta domains. Spectral data which probe the distribution of Cu(I) between the two binding domains clearly show that both the site of binding (alpha or beta), and the structures of the specific metal-thiolate clusters formed, are dependent on temperature and on the nature of the starting protein (either Zn7-metallothionein or Cd5Zn2-metallothionein). CD spectra acquired during the addition of Cu+ to Zn7-metallothionein show that Cu+ replace the bound Zn(II) in a domain-distributed manner with complete removal of the Zn(II) after addition of 12 Cu+. Spectral and metal analyses prove that a series of Cu(I)-metallothionein species are formed by a non-cooperative metal-binding mechanism with a continuum of Cu(I):metallothionein stoichiometries. Observation of a series of spectral saturation points signal the formation of distinct optically active Cu(I)-thiolate structures for the Cu9Zn2-metallothionein, Cu12-metallothionein, and the Cu15-metallothionein species. These data very clearly show that for Cu(I) binding to Zn7-metallothionein, there are several key Cu(I):metallothionein stoichiometric ratios, and not just the single value of 12. The CD spectra up to the Cu12-metallothionein species are defined by bands located at 255(+) nm and 280(-) nm. Interpretation of the changes in the CD and ultraviolet absorption spectral data recorded between 3 degrees C and 52 degrees C as Cu+ is added to Zn-metallothionein show that copper-thiolate cluster formation is strongly temperature dependent. These changes in spectral properties are interpreted in terms of kinetic versus thermodynamic control of the metal-binding pathways as Cu+ binds to the protein. At low temperatures (3 degrees C and 10 degrees C) the spectral data indicate a kinetically controlled mechanism whereby an activation barrier inhibits formation of ordered copper-thiolate structures until formation of Cu12-metallothionein. At higher temperatures (> 30 degrees C) the activation barrier is overcome, allowing formation of new Cu(I)-thiolate clusters with unique spectral properties, especially at the Cu9Zn2-metallothionein point. The CD spectra also show that a Cu15-metallothionein species with a well-defined, three-dimensional structure forms at all temperatures, characterized by a band near 335 nm, indicating the presence of diagonal Cu(I).(ABSTRACT TRUNCATED AT 250 WORDS)